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Abstract: We propose an acoustic communication system using parametric
loudspeaker that emits a communication signal into a limited area. We found
that the use of minimum shift keying is suitable, since it has the potential and
second harmonic signal that occur when the emit signal is distorted during
propagation due to the effect of air. Experiments revealed that the proposed
system emits an audible signal to a limited area, achieves a BER of 10−3 at
Eb/N0 of 10 dB. Thus, it outperforms benchmarks using other modulation
schemes.
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1 Introduction
Digital acoustic communication in air plays an important role in establishing a
wireless link between mobile devices [1, 2]. Existing acoustic communication
systems tend to broadcast information using audible sounds, resulting in interfer-
ence to all unintended receivers [3]. Parametric loudspeakers have the potential to
address this problem, since they can create directive low-frequency sounds by
exploiting nonlinear ultrasound-medium interaction effects [4, 5]. Many useful
applications for such loudspeakers have been proposed, such as sound projectors
for public spaces [6], high-resolution imaging [7], and sensing [8]. However, to our
knowledge, no acoustic communication system that actively uses the characteristics
of the nonlinear acoustic channel has been proposed.
In this paper, we investigate a digital communication scheme that is suitable for
acoustic communication using a parametric loudspeaker. Specifically, we design a
communication system considering a nonlinear acoustic channel, and perform
experiments to evaluate the performance of the proposed system.
2 Communication system using parametric loudspeaker
Fig. 1 is a block diagram of the transmitter (Tx) and receiver (Rx) for acoustic
communication using a parametric loudspeaker. The signal processing in the Tx is
as follows:
1. The Tx reads a message vector of length N, s ¼ ðs0; s1; . . . ; sN1Þ, where
sn ¼ f0; 1g. Then the Tx performs pulse shaping and obtains pulse signal aðtÞ,
aðtÞ ¼
1ðsn ¼ 0Þ (nT  t  ðn þ 1ÞT),
1ðsn ¼ 1Þ (nT  t  ðn þ 1ÞT),
(
ð1Þ
where T is the symbol time.
2. The Tx performs digital modulation using minimum shift keying (MSK)—
a specific type of frequency shift keying— to obtain a modulated waveform
bðtÞ,






where f0, f1, and ’n are
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f0 ¼ fc þ 1
4T
; ð3Þ







ð2si  1Þ ðn > 0Þ; ð5Þ
respectively, and fc is the carrier frequency of MSK.
3. The Tx performs amplitude modulation (AM) and emits the modulated signal
½1 þ mbðtÞ sin 2f2t to the air using the parametric loudspeaker, where m
and f2 are the modulation index (0 < m ≦ 1) and carrier frequency of AM,
respectively.
The emit signal is distorted during propagation due to the effect of air nonlinearity,






































where P1, A, β, 0, c0, z and α are the pressure amplitude at source, the source
radius, the nonlinearity coefficient of the medium, the density of the air, the small
signal sound speed, the coordinate along the propagation direction of beams, and
the dissipation factor corresponding to thermoviscous absorption, respectively [9].
From Eq. (7), we can find that the received signal rðtÞ contains bðtÞ and the second
harmonic of bðtÞ. Since the modulated signal bðtÞ appears at two frequency bands,
the Rx can improve communication quality by merging two signals with different
frequencies (frequency diversity) [10]. Note that the frequency diversity may not be
utilizable simply in other digital modulation schemes, such as phase shift keying
(PSK), since the phase of the second harmonic of bðtÞ is distorted.
The signal processing in the Rx is as follows:
1. The Rx performs non-coherent FSK demodulation on the received signal rðtÞ
[11]. Specifically, the Rx compares two signal powers p0 and p1, where p0 is
the sum of the signal power at the frequencies of f0 and 2f0, and p1 is the sum
of the signal power at the frequencies of f1 and 2f1.
Fig. 1. Block diagram of transmitter and receiver for acoustic
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2. The Rx outputs a received message vector of length N, r ¼ ðr0; r1; . . . ; rN1Þ,
where
rn ¼
0 (p0  p1),




We evaluated the performance of the digital acoustic communication system using
the parametric speaker in experiments. Fig. 2(a) shows the experimental environ-
ment. The experiment was performed in an anechoic room. The transmitter
consisted of a PC with software modulator (LabVIEW, National Instruments), a
digital-to-analog converter (USB-6212, National Instruments), and a parametric
speaker consisting of 49 emitters (T40-16, Nicera). The receiver consisted of a
PCM recorder (CD-05, TASCAM) and a PC with a software demodulator. Table I
shows the parameters used in the communication. In this experiment, we measured




Fig. 2. (a): Experimental environment, (b) sound pressure level of the
parametric speaker, (c): Power spectrum of received signal rðtÞ,
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(Eb/N0) and the bit error rate (BER). To clarify the advantage of the proposed
system (MSK with frequency diversity), communication using MSK without
frequency diversity and phase shift keying (PSK) was also performed. Note that
the bandwidth of PSK is smaller than that of MSK if we compare them under the
same communication speed, so we employ Eb/N0 as the normalized signal-to-noise
ratio.
Fig. 2(b)–2(d) show the experimental results. Fig. 2(b) shows the sound
pressure distribution of the communication signal. As shown in the figure, the
emit sound was focused at high intensity into a relatively small area, which has the
potential to address the problem of conventional acoustic communication. Fig. 2(c)
shows the spectrum of the received signal. As shown in the figure, there exist the
spectrum of bðtÞ and its second harmonics. Fig. 2(d) shows the communication
quality obtained in the experiment. As shown in the figure, we found that the
proposed MSK with frequency diversity outperforms the benchmarks. Specifically,
the proposed system achieved a BER of 103 at Eb/N0 of 10.15 dB, while normal
MSK and PSK achieved BER of 4:22  103 and 3:58  103 at the same Eb/N0,
respectively. The obtained results suggest that the combination MSK and frequency
diversity is suitable for digital acoustic communication using a parametric loud-
speaker.
4 Conclusion
We proposed a digital communication scheme that is suitable for acoustic commu-
nication using parametric loudspeaker. Specifically, we design a communication
system considering nonlinear acoustic channel, and perform experiments to eval-
uate the performance of the proposed system. From experiments, it was confirmed
that the emit sound from parametric loudspeaker was focused at high intensity into
a relatively small area, which has the potential to address the problem of conven-
tional acoustic communication. Furthermore, it was also found that the combination
MSK and frequency diversity, which utilizes harmonic distortions, outperform
normal MSK and PSK, and is suitable for digital acoustic communication using
a parametric loudspeaker.
Table I. Parameters used in experiment
Parameter Value
T (ms) 1.25
Digital modulation f0 (Hz) 1,800
(MSK) f1 (Hz) 2,200
Data rate (bps) 800
Signal bandwidth (Hz) 1,200
Digital modulation T (ms) 1.25
(PSK as reference) f0 (Hz) 2,000
Data rate (bps) 800
Signal bandwidth (Hz) 800
Amplitude m 1
modulation f2 (Hz) 40,000
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